To determine the incidence of minor and major complications in patients with squamous cell carcinoma of the upper aerodigestive tract who require surgical salvage or planned neck dissection after an initial treatment regimen with radiotherapy or concurrent chemoradiotherapy for organ preservation.
Conclusions:
After radiation or concurrent chemoradiotherapy, surgery can be performed with an acceptable rate of major complications. Adding chemotherapy did not increase the incidence of surgical complications. These results differ from other reports in the literature. Surg. 1998; 124:401-406 C OMBINATIONS of surgery and radiation therapy are standard treatments for patients with advanced local or regional squamous cell carcinoma of the head and neck. 1 Adjuvant and neoadjuvant chemotherapy has been added to various multimodality approaches. [1] [2] [3] [4] [5] [6] [7] Concurrent chemotherapy and radiation therapy has also been proposed. [8] [9] [10] Advantages of this approach include the independent antineoplastic activity of both treatments, the radiotherapeutic potentiation exerted by several chemotherapeutic agents, the possibility that systemic chemotherapy may decrease micrometastatic spread, and the relatively short duration of therapy. 8 Although these aggressive organ preservation protocols have produced encouraging results, an increased incidence of surgical complications in patients who require surgery for persistent or recurrent dis-ease has been reported. Curative radiotherapy and induction chemotherapy followed by definitive radiotherapy result in complication rates for salvage operations of 37% to 74% [2] [3] [4] [5] 11 and 46% to 100%, 6, 7, 12, 13 respectively.
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Induction chemotherapy and chemoradiotherapy for organ preservation are used with the primary goal being the elimination of extensive surgery in hopes of maintaining normal speech and swallowing. Because 31% to 61% 1, 11, 14 of patients in these protocols will require either a prophylactic neck dissection or a salvage operation, the safety of these subsequent surgeries must be assessed.
RESULTS
Of the 100 patients enrolled and assigned to treatment, 54 underwent subsequent planned neck dissections or salvage surgery. Patient demographic features ORIGINAL ARTICLE are outlined in Table 1 . The treatment arms did not significantly differ on the following variables: age (P=.54), location of primary tumor (P=.78), and N stage (P=.09). The radiation-only arm had significantly more patients with T1 tumors (P=.02). This difference was also noted in the original cohort of 100 patients. Eight patients with T1 lesions were assigned to radiation-only therapy, as opposed to no patients in the chemoradiation group. 10 Fifty-nine surgical procedures were performed. These were equally distributed between the 2 arms of the study (P=.24) ( Table 2 ). Five patients underwent 2 procedures. Two patients (1 in each arm) required total laryngectomy and partial pharyngectomy 16 and 36 weeks after planned modified radical neck dissection. Two patients (1 in each arm) underwent modified radical neck dissection for delayed contralateral neck metastases 46 and 102 weeks after total laryngectomy and unilateral neck dissection. One patient receiving radiation alone required a supraglottic laryngectomy 21 weeks after a planned modified radical neck dissection. Of all 11 flaps used for reconstruction, 2 were free flaps, both 
PATIENTS AND METHODS
Between April 23, 1990, and August 1, 1995, 100 patients with resectable stage III or IV squamous cell head and neck cancer (excluding nasopharynx, salivary gland, and paranasal sinus) were stratified by nodal status and randomly assigned to receive either radiation therapy alone, 68 to 72 Gy at 1.8 to 2 Gy/d, or identical radiation therapy with concurrent chemotherapy. Chemotherapy consisted of fluorouracil, 1000 mg/m 2 per day, and cisplatin, 20 mg/m 2 per day, both given as continuous intravenous infusions over 4 days beginning on day 1 and day 22 of the radiation treatment ( Figure) . Megavoltage radiation therapy was generated by a 6-MV linear accelerator. In general, opposed lateral fields were used, with an electron beam boost given to selected nodal regions as indicated.
After receiving approximately 55 Gy, patients were clinically reassessed. Those patients with evidence of a clinical response completed radiation therapy to a total dose between 68 and 72 Gy. Radiation was discontinued, however, for those who did not respond, or those with progressive disease, and surgical resection was performed after a 3-to 6week recovery period.
In patients who completed full-course radiation therapy, 6 to 12 weeks was allowed for mucosal recovery before formal response assessment and evaluation for residual primary tumor were performed. Biopsies were performed only if residual disease was suspected. Surgery at the primary site was performed for persistent or recurrent disease; this was considered a salvage operation. Neck dissection was performed in patients with any clinically palpable remaining lymph nodes and in most patients with N2 or N3 disease at initial examination irrespective of clinical response; this was considered a planned neck dissection. All surgeries were performed by faculty or residents under faculty supervision at The Cleveland Clinic Foundation, Cleveland, Ohio.
The medical records of all patients who required surgery were retrospectively reviewed and the following information was extracted: patient age, TNM stage, site of primary disease, radiation dose, time between completion of therapy and surgery, type of surgical procedure, blood loss, duration of surgery, length of hospital stay, and perioperative surgical complications. Major complications were fistulas and those complications requiring operative intervention or intensive care unit monitoring. Minor complications were those managed nonoperatively.
Student t tests and exact 2 tests were used to compare the radiation and chemoradiotherapy groups on patient and surgical variables and complications. Exact 2 test was used to compare complications between the planned and salvage surgical groups. Differences were considered significant at PϽ.05.
in the radiation-only group. All others were pectoralis major myocutaneous flaps.
Surgical complications are compared between the 2 study arms in Table 3 . The overall complication rate did not differ between the radiation-only and the chemoradiotherapy groups (46% ; P=1.00). Minor and major complication rates did not differ significantly between arms (P=1.00).
PLANNED NECK DISSECTIONS
The complication rates did not differ between arms for planned neck dissections (P=1.00). Minor and major complication rates did not differ significantly between arms (P=.68). There were no major complications in the chemoradiotherapy group. One major complication occurred in the radiation-only group involving a 45-yearold man with a T1N2b base-of-tongue lesion. A chyle leak that occurred after a planned left modified radical neck dissection did not respond to conservative management and required 3 subsequent surgical procedures. Table 3 describes the types of complications occurring in patients with planned or salvage surgery. All skin incision complications responded to conservative outpatient management.
SALVAGE OPERATIONS
Salvage procedures had an overall complication rate of 60%, which differed significantly from the 31% rate for planned neck dissections (P=.04). The major complication rate was significantly greater for salvage than for planned neck dissections (20% vs 3.4%, respectively; P=.04). The overall, minor, or major complication rates in salvage operations did not differ between the radiation-only and chemoradiotherapy group (P=1.00 and .79, respectively). Table 3 describes the complications. One pharyngocutaneous fistula occurred in a 63-year-old man with a T3N0 laryngeal lesion who received radiation alone 32 days after a total laryngectomy and unilateral selective neck dissection. The fistula closed with conservative management after 7 months, and the patient had no evidence of disease at 30 months of follow-up. A carotid artery rupture occurred in a 64-year-old patient with a persistent T3N1 hypopharyngeal lesion after radiation. After a total laryngectomy and partial pharyngectomy with radial forearm flap reconstruction, a small wound breakdown, without fistula, occurred over the carotid artery, resulting in rupture on postoperative day 25. This event required ligation of the common carotid artery, sacrifice of the radial forearm free flap, and placement of a pectoralis myocutaneous flap. The patient died of unrelated causes 8 months after the primary surgery. Also, a small-bowel obstruction occurred in a 61-year-old man after a total laryngopharyngectomy and jejunal free flap reconstruction for a persistent T2N2b hypopharyngeal lesion. He was readmitted to the hospital on postoperative day 10 with emesis. The obstruction responded to intravenous hydration and nasogastric decompression.
OTHER VARIABLES
Surgical variables are compared between the 2 arms in Table 4 . Information for operative blood loss, duration of surgery, and length of hospital stay was not avail-able for all procedures. No significant differences were seen in overall length of hospital stay (P=.59), operative blood loss (P=.90), or length of time between completion of therapy and surgery (P=.61). Planned neck dissections and salvage groups were separated into those with complications (minor or major) and those without complications and were compared on the same variables. Planned neck dissections, regardless of complication status, did not differ significantly between the 2 arms for all variables. In the salvage groups, however, some trends were noted. Those receiving chemoradiation and salvage surgery who had complications compared with those without complications had greater mean operative blood loss (877 mL and 388 mL, respectively), mean duration of surgery (613 and 341 minutes, respectively), and length of stay (15.3 and 7.3 days, respectively). The mean length of time between completion of therapy and surgery was less in the planned group (range, 6.8 to 8.4 weeks) than in the salvage group (18.3 to 64.5 weeks); the interval in the salvage group with complications in the chemoradiation arm was shorter than that in the group without complications (18.3 and 64.5 weeks, respectively). Table 5 compares duration of procedure, estimated blood loss, and length of hospital stay by specific surgical procedure. Total laryngopharyngectomy plus flap reconstruction and total glossectomy, total laryngectomy plus flap reconstruction were combined because of the similar complexity of the procedures. No statistical analysis was performed because of the small group sizes; however, certain trends existed. Total laryngectomies were approximately 90 minutes shorter in mean duration (500 vs 590 minutes) and modified radical neck dissections were approximately 90 minutes longer in mean duration (318 vs 233 minutes) in the radiation-only group as opposed to the chemoradiotherapy group. The mean estimated blood loss and mean hospital stay were similar between the arms for surgical procedures except for the total laryngectomy and partial pharyngectomy group. In this group, the mean hospital stay was substantially longer in the chemoradiotherapy group (29 days) than the radiotherapy group (11.3 days) . This difference can be explained by 1 patient with a 48-day hospital stay; this was a 66-year-old man with a T3N2b laryngeal lesion who had a cerebrovascular accident and required a carotid endarterectomy, systemic anticoagulation, and 3 weeks in an intensive care unit for pulmonary complications. Widespread locoregional recurrence developed, and the patient died on postoperative day 48.
COMMENT
Preoperative radiotherapy for advanced squamous cell carcinoma of the head and neck has been reported to increase surgical complication rates. [2] [3] [4] Complication rates for surgical salvage operations of 37%, 43%, 58%, and 74% have been reported. [2] [3] [4] [5] Radiation dose of more than 50 Gy has been implicated, and some recent reports suggest that doses of 66.5 Gy and higher increase complication rates. 2 When higher doses of preoperative radiotherapy (50-70 Gy) are administered, the rate of pharyngocutaneous fistula alone is approximately 31% to 34%. 15 Most studies addressing surgical complications in organ preservation protocols have involved induction chemotherapy with planned surgery and postoperative radiotherapy schedules. Schuller et al 12 reported that 28 (46%) of 61 patients developed surgical complications after 3 courses of induction with cisplatin, methotrexate, and bleomycin sulfate followed by surgery and radiotherapy. Six patients developed severe complications and 8 developed fistulas. Corey et al 7 reported a 52% surgical complication rate and a 22% fistula rate in 23 patients treated with 3 cycles of induction methotrexate and leucovorin calcium rescue; the majority of patients received postoperative radiotherapy.
Organ-preservation protocols that include induction chemotherapy and radiation before surgery have produced even higher complication rates. Sassler et al 6 reported a 66% overall complication rate and a 50% fistula rate in 18 patients who required salvage surgery after 3 cycles of induction chemotherapy (cisplatin and fluorouracil) and a 66-to 74-Gy radiation dose delivered to the primary tumor. Complications were reported in 6 of 17 patients by Newman et al. 14 This treatment protocol consisted of 2 cycles of induction chemotherapy (cisplatin and fluorouracil) followed by simultaneous administration of 2 cycles of combination chemotherapy and standard fractionated radiotherapy to a total dose of 66 to 75 Gy. Five of the 6 patients had undergone pharyngeal procedures, 1 of whom then experienced a pharyngocutaneous fistula.
Our overall complication rate of 45.8% (for the 59 procedures on 54 patients)compares favorably with that reported for other organ-preservation protocols. 6, 9, 11, 14 Considering granulation tissue formation at the tracheostoma and hypothyroidism as minor complications (Table 3 ) contributed to our somewhat higher minor complication rate (33.9%). Major complication rates were acceptable for the radiation-only and chemoradiotherapy groups (12% and 11%, respectively).
Only 1 pharyngocutaneous fistula formed. This rate (4%) of fistula formation in pharyngeal procedures is considerably lower than that reported in the recent literature. 2, 5, 7, [11] [12] [13] [14] This difference may be a result of our aggressive use of either nasogastric or percutaneous gastric tube placement during therapy to optimize nutrition and our frequent use of flap reconstruction in 11(46%) of 24 patients. The spontaneous closure rate of this fistula, after 7 months, certainly was delayed because of the previous radiotherapy.
Neither minor nor major complications differed between treatment arms. There was a significantly higher incidence of overall complications, as expected, in the salvage procedures (60%) than in the planned neck dissections (31%) (P=.04). No significant difference was found when these procedures (salvage and planned neck dissections) were compared within both treatment arms. Major complication rates in salvage operations (16% for radiotherapy and 27% for chemoradiation) compare favorably with those of other organ-preservation protocols, 6, 7, 11, 13, 14 although comparisons among protocols are difficult because of different treatment schemas, types of surgical procedures, and definitions of major and minor complications. Our low rates of major complications indicate that planned neck dissections can be performed after radiotherapy or chemoradiotherapy, which agrees with findings in other series. 14 We found a higher incidence of minor incisional breakdown in the chemoradiotherapy group.
Sassler et al 6 found that major wound complications increased in salvage procedures performed less than 52 weeks from the completion of chemotherapy and radiation therapy (77%) vs those performed after more than 52 weeks (23%) (P=.47). We noticed a similar trend in our patients undergoing salvage surgery with complications in the chemoradiation group. In these patients (n=7) the mean time from completion of therapy to surgery was 18.3 weeks, whereas in the salvage group without complications (n=4) in the same arm the interval was 64.5 weeks. Apparently surgical morbidity decreases as the interval between completion of chemoradiotherapy and surgery increases. It is unclear whether this difference results from a selection bias in which patients with more aggressive tumors at the primary site require earlier surgery and have more extensive pharyngeal defects or if recovery from the systemic effects of chemotherapy is a factor.
To identify whether the addition of chemotherapy influenced the technical aspects of the procedure, we compared the procedure on the surgical variables between the treatment arms ( Table 4 and 5) and found the data were similar to those of other reports. Mean operative time for neck dissections was longer than we expected and may be explained by the fact that the majority of these procedures included direct laryngoscopy (with or without biopsy) to assess the primary site. Newman et al 14 had mean (±SD) operative time of 246±18 minutes and a length of hospital stay of 5.0±1.7 days for neck dissections in 17 patients after induction and concurrent chemoradiotherapy. Girod et al 5 found a mean operative time of 589±194 minutes for major head and neck procedures in a group of 159 patients; however, only 39% had previous radiotherapy and 52.8% required flap reconstruction.
Our mean length of stay for patients with salvage procedures was low (Table 4 ). This reflects our use of home nursing care, excellent supporting services at our institution, and our low major complication rate. Many of these patients however, required frequent outpatient visits early in the postoperative period.
CONCLUSIONS
This study confirms other reports 9, 11, 14 showing acceptable surgical morbidity rates for salvage surgery performed after intensive organ-preservation protocols. Surgical complication rates do not significantly increase when concurrent chemotherapy is added to preoperative curative radiotherapy. Because only 30% of patients in this protocol required salvage surgery and only 20% of these developed major complications, the overall surgical morbidity of the organ-preservation protocol was quite acceptable.
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